ABSTRACT Reading-disabled children display a phonemic awareness deficit when compared with normally achieving children matched for word reading ability. However, previous research has not examined phonemic awareness deficits in reading-disabled children when compared with children matched on pseudoword reading. This article examines phonemic awareness ability in both a traditional design and a pseudoword reading level match design. The results show that a group of reading-disabled children who show typical pseudoword reading and phonemic awareness deficits in the traditional reading level match design nonetheless have phonemic awareness skills commensurate with their level of pseudoword reading ability.
The phonological core deficit model of reading disabilities proposes that the primary problem for reading-disabled children is in word recognition (e.g., Share, 1995; Share & Stanovich, 1995; Snowling & Hulme, 1994; Stanovich, 1988; Stanovich & Siegel, 1994) . In particular, the model proposes that basic phonological difficulties prevent the establishment of adequate phonological recoding skills (e.g., Elbro, Nielson, & Peterson, 1994; Metsala, 1997; Stanovich, 1988) . These phonological recoding skills are, in turn, assumed to be necessary in skilled word recognition (see Jorm & Share, 1983; Share, 1995) . This impairment in phonological recoding may lead to different subprocesses becoming activated during word recognition for disabled and nondisabled readers (e.g., Siegel, Share, & Geva, 1995; Snowling, Goulandris, & Defty, 1998; Stanovich & Siegel, 1994) .
Two lines of research support the hypothesis that there are qualitative differences in the word recognition of reading-disabled and nondisabled children. First, reading-disabled children have most often been found to demonstrate a pseudoword reading deficit compared with younger, normally achieving children matched on word recognition (see Ijzendoorn & Bus, 1994; Rack, Snowling, & Olson, 1992 , for reviews). This has been taken as evidence that phonological recoding skills are impaired in disabled readers' word recognition. The reasoning is that a pseudoword cannot be read through a direct match with a representation previously stored in lexical memory. Thus, pseudoword reading is a measure of phonological recoding skill, since sublexical level spelling-tosound correspondences must be invoked. It has, therefore, been proposed that reading-disabled children may rely on word-specific orthographic knowledge in reading single words more than normally achieving readers do (e.g., Share, 1995) .
Second, disabled readers differ from nondisabled readers in their pattern of relative strengths and weaknesses in the cognitive processes thought to underlie word recognition (e.g., Rack, et al., 1992; Stanovich & Siegel, 1994) . Although orthographic and phonological processes are highly interdependent in the development of word recognition (e.g., Share, 1995) , these two subcomponents are not completely overlapping (e.g., Stanovich & Siegel, 1994) . Reading-disabled children quite consistently show deficits on phonological skills compared with children matched on reading level, but they do not show deficits -and may even show relative strengths -on tasks primarily tapping orthographic knowledge (e.g., Siegel et al., 1995) .
One category of phonological processing that has received much attention in the reading acquisition and reading-disability literature is that of phonemic awareness. Phonemic awareness has most often been measured by tasks that require accessing and manipulating the individual sounds within words. There appears to be consensus in the literature that the relationship between phonemic awareness and learning to read for normally achieving children is one of reciprocal causation. Phonemic awareness is one of the strongest predictors of early reading achievement, and instruction in phonemic awareness skills has a positive impact on subsequent reading achievement (e.g., Bradley & Bryant, 1983; Cunningham, 1990; Lundberg, Frost, & Peterson, 1988) . This latter finding provides evidence that phonemic awareness skills are causally related to reading acquisition. Conversely, Ehri's (e.g., 1984 Ehri's (e.g., , 1985 proposal that learning to read in an alphabetic orthography facilitates children's awareness of sounds within words has also been supported. That is, phonemic awareness skills improve as a result of increased word recognition ability for normally achieving children (e.g., Ehri, Wilce, & Taylor, 1987; Morais, 1991; Perfetti, Beck, Bell & Hughes, 1987) .
The primary purpose of this article was to compare the phonemic awareness performance of disabled readers with that of normally achieving readers using both a traditional word reading level match and also a pseudoword reading level match. The research question was whether disabled readers would show a deficit on phonemic awareness skills compared with younger, nondisabled children with the same level of phonological recoding ability. It was predicted that, since phonemic awareness skills and phonological recoding ability are proposed to be tightly linked (e.g., Share, 1995) , disabled readers would perform as well as nondisabled readers on phonemic awareness tasks in this novel, pseudoword reading match design. That is, different results were expected based on the type of reading instrument used to match comparison groups. Reading-disabled children's phonemic awareness abilities should be commensurate with their level of pseudoword reading abilities but not with their word reading abilities. This pattern of findings would support suggestions that the growth of phonological recoding and orthographic knowledge may be less synchronized in disabled than nondisabled readers, and that the disabled readers' level of orthographic knowledge (or word identification) may not accurately predict phonemic awareness skills (e.g., Landerl, Frith, & Wimmer, 1996) . Rather, phonemic awareness may be more accurately predicted in reading disabled children by phonological recoding ability.
Most often, it has been found that disabled readers exhibit a phonemic awareness deficit in word reading level comparisons (e.g., Bruck, 1992; Pratt & Brady, 1988) . However, there have been some inconsistencies regarding this finding. Fox and Routh (1983) reported that a group of grade 1 disabled readers did catch up to their reading level peers two years later. It is very difficult to reliably classify grade 1 children as reading disabled, which may account for the findings. Results from a second study (Bruck, 1992) indicated that disabled readers' performance on phonemic awareness tasks showed deficits compared with a reading level matched group. Bruck also reported that, within the reading disabled population, performance on phonemic awareness tasks did not improve as a function of either age or word recognition ability.
The comparisons in the traditional reading level match in the present article examined whether a phonemic awareness deficit was evident in the disabled readers. Moreover, correlational data among the major variables in the study allowed the examination of whether phonemic awareness skills are related to age and reading skill within the reading-disabled population even if there is evidence of a phonemic awareness deficit. Finally, the traditional reading level match design also enabled the examination of whether our disabled participants showed a pseudoword reading deficit. This finding would help to ensure that our group of disabled readers is representative of those most often reported on in the literature (Ijzendoorn & Bus, 1994; Rack, et al., 1992) .
METHOD

Participants
A total of 83 children participated in the study. Participants included readingdisabled (RD) and normally achieving (NA) children. Children in the RD group met the following criteria: performance on the Wide Range Achievement TestRevised (WRAT-R) (Jastak & Wilkinson, 1984) reading subtest below the 25th percentile and a standard score above 80 on the Peabody Picture Vocabulary Test-Revised (PPVT-R) (Dunn & Dunn, 1981) . These children were recruited from two psychoeducational assessment clinics in a large metropolitan city. There were a total of 35 RD children in this study (mean age = 9;5; range = 6;5-14;6). A total of 48 NA children participated in the study (mean age = 9;4; range = 6;8-13;0). The criteria for this NA group were reading performance above the 30th percentile on the WRAT-R and a standard score above 80 on the PPVT-R.
Procedure
Children were tested individually in their school or psychoeducational clinic. The following standardized measures were part of a larger battery that the children completed: the Wide Range Achievement Test-Revised (WRAT-R), Reading Subtest, a measure of word recognition; the Woodcock Reading Mastery Subtests-Word Attack Subtest (Woodcock, 1987) , a measure of pseudoword reading; and the Peabody Picture Vocabulary Test-Revised (PPVT-R), a measure of receptive vocabulary.
The children completed two phoneme deletion tasks. The first required children to delete the initial phoneme from 10 target words (PA-initial). For example, the experimenter asked the child to "Say the world crew [target word]. Now say it again without the /k/ [first phoneme]." The second task required the child to delete the final phoneme in 10 target words (PA-final): for example, "Say the word spend. Now say it again without the /d/." Each participant completed two practice trials before each of the phoneme awareness tasks. The stimuli for each task are presented in the Appendix.
RESULTS
In the traditional word reading match, tests of whether the disabled readers showed a pseudoword reading deficit and a phonemic awareness deficit were completed. A total of 20 pairs of children could be matched on the basis of their WRAT-R grade level (see Table 1 for descriptive and outcome data for these matched groups). As can be seen from Table 1 , older RD children performed lower than younger NA children on the pseudoword reading test, as well as on both phonemic awareness tasks. Table 2 shows the zero-order correlations between all the measures in the study separately for each reading group (and Table 3 shows descriptive data for these measures by reading group). Disabled readers in this study showed a positive correlation between age and phonemic awareness performance (.65 and .61 for PA-initial and PA-final tasks, respectively, p < .001). Furthermore, there was a positive correlation between the word identification performance (WRAT-SS) and phonemic awareness tasks for disabled readers (.40 and .50 for PA-initial and PA-final tasks, respectively, p < .05). Thus, although the disabled readers did not "catch up" to NA word-matched comparisons, phonemic awareness ability did improve with age and reading ability within the age and word reading skill ranges included in this study. Also seen from Table 2 , the same pattern of significant correlations are evident for the NA readers -with the exception that the WRAT (SS) and PA-final results failed to reach statistical significance (.05 < p < .10). As can be seen in Table 3 , this nonsignificant relationship was most likely due to a ceiling effect for NA readers in the PA-final condition.
In order to examine whether their phonemic awareness skills were commensurate with their level of phonological recoding ability, the RD children were matched with NA children on the number of pseudowords read correctly on the Word Attack Subtest of the Woodcock Reading Mastery Tests. A total of 15 pairs of children could be matched in this pseudoword level match, which equated older, RD participants with younger, NA children on their phonological recoding skills. Table 4 shows the descriptive data for the two groups. As shown in Table 4 , RD children did not differ from the NA children on initial phoneme deletion or a composite of the two phoneme deletion tasks. Although the groups Note: SS = standard score; RS = raw score; Attack = Woodcock Word Attack subtest; PA = phonemic awareness. 101.4 (9.0) 83.9 (5.6) PA-Initial 6.4 (3.9) 6.6 (2.8) n.s. PA-Final 9.0 (1.6) 9.3 (1.0) n.s. did not differ on the PA-final task, ceiling effects made this comparison uninterpretable.
DISCUSSION
The current finding that reading-disabled children showed a phonemic awareness deficit is consistent with previous reports in reading level match designs (e.g., Bruck, 1992; Bruck & Treiman, 1990; Pratt & Brady, 1988) . Importantly, the present results showed a pseudoword reading deficit in a traditional reading level match design, which replicated performance patterns that have come to be a hallmark of the reading-disabled population (e.g., Baddeley, Logie, & Ellis, 1988; Holligan & Johnston, 1988; Olson, Kliegel, Davidson, & Foltz, 1985; Siegel & Ryan, 1988 ; for a review, see Ijzendoorn & Bus, 1994; Rack et al., 1992) . Therefore, our sample appears representative of the reading-disabled population most reported on in the literature. Our results also indicated that, while reading-disabled children showed deficits on phonemic awareness compared with the traditional reading level match, these abilities nonetheless improved with reading skill and age within the reading-disabled population (cf. Bruck, 1992) . This study employed a unique pseudoword level match to examine whether the phonemic awareness skills in disabled readers are commensurate with their level of phonological recoding. In contrast to the traditional match comparisons, the pseudoword level match allowed a comparison of phonemic awareness skills as a function of phonological recoding ability. It was found that reading-disabled children's phonemic awareness skills were appropriate for their level of pseudoword reading. This was found by using a pseudoword reading matched subsample of 15 pairs of children.
For reading-disabled children, word recognition will be an overestimate of their phonological recoding and phonemic awareness skills. This suggestion is consistent with observations that older, reading-disabled children do not show deficits (and may show strengths) compared with younger, reading level match groups on tasks that attempt to isolate orthographic knowledge in reading (e.g., Holligan & Johnston, 1988; Siegel, et al., 1995) . In these same studies, the reading-disabled participants showed deficits on tasks that attempt to isolate phonological processes in reading level match designs. The present findings support the suggestion that reading-disabled children rely differentially on phonological and orthographic processing compared with age-matched or word recognition-matched peers. However, the disabled readers' phonemic awareness skills were as well developed as those of younger, normally achieving readers with the same level of phonological recoding ability.
In summary, the present findings further explicate the development of phonemic awareness skills in the reading-disabled population. First, age and word recognition ability within the reading-disabled population are both significantly correlated with phonemic awareness ability (cf. Bruck, 1992 ). An educational implication is that older reading-disabled children may be better able to benefit from instruction in sound-to-symbol correspondences, even if such instruction has not been successful when the children were younger. The older readingdisabled child may have greater access to phonemic level representations and, therefore, be better able to connect sounds to letters and letter patterns than the less phonemically aware, younger reading-disabled child. Second, results from a unique pseudoword level match showed that variance in phonological recoding ability fully accounted for the difference on phonemic awareness measures between reading-disabled and normally achieving groups of readers. That is, when compared with nondisabled readers of equal phonological recoding skill, disabled readers did not show a deficit in phonemic awareness. This finding suggests that for reading-disabled children phonics skills may be best assessed using a pseudoword reading test. For reading-disabled children, a word recognition test will overestimate phonological recoding ability as well as phonemic awareness skills and therefore overestimate the best level for instruction. Finally, there does appear to be knowledge to gain from this procedure of examining disabled readers' skills using alternative reading level match designs. Given the relatively small sample size for the reading level matched comparisons in this article, as well as the limitations outlined elsewhere for such designs (see, e.g., Goswami & Bryant, 1989; Jackson & Butterfield, 1989; Rack et al., 1992; Vellutino & Scanlon, 1989) , the results from this pseudoword reading match need to be replicated and examined further in conjunction with tasks tapping orthographic knowledge. 
APPENDIX
STIMULUS WORDS FOR PHONOLOGICAL AWARENESS TASKS
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